products on the mucosal changes in the bowel have been evaluated in experimental models, there appear to be no studies of the effect of the antioxidant RV on these changes. In our study, we aimed to evaluate the effect of RV on the organic damage of the intestinal mucosa and liver caused by obstructive jaundice and to demonstrate the effect using IMA, an accepted marker of oxidative stress.
MATERIAL AND METHODS
This study was approved by the Local Research Ethics Committee for Experimental Animals. Twenty-four 3-month-old Wistar albino rats weighing between 250 and 300 g were used in our study. All the animals were kept at a constant room temperature at 22±2°C in a 12-hour day/night cycle. They were fed with standardised commercial rat food, including 21% protein, and provided with fresh tap water. Anaesthesia was implemented by intraperitoneal application of ketamine (Ketalar; Pfizer, İstanbul, Turkey) 50 mg/kg and xylazine 10 mg/kg (Rompun; Bayer, İstanbul, Turkey).
In the sham group (Group 1, n=8), the hepatic pedicule was found under the liver by retracting the duodenum after making an abdominal incision. The exploration was completed by exposing the common bile duct, and the abdomen was closed. The rats were fed standard food and tap water for 14 days. At the end of this period, they were sacrificed by high-dose anaesthesia after blood and fullthickness terminal ileum sampling.
In the control group (Group 2, n=8), the common bile duct was ligated and divided. The abdomen was then closed, and the animals were fed standard food and tap water. Additionally, isotonic serum (0.9% NaCl) identical in volume to the RV in Group 3 was injected intraperitoneally for 14 days. At the end of this period, the rats were sacrificed after blood and tissue sampling.
In the study group (Group 3, n=8), the same procedures as in Group 2 were applied, with the exception of the intraperitoneal RV (10 mg/kg/day) injection for 14 days. At the end of this period, the rats were sacrificed after blood and tissue sampling. The sera obtained were immediately centrifuged (10 min at 3000 g), and whole blood samples were stored at -80°C until testing.
Evaluation of small bowel mucosal villi
The small bowel was placed in 10% formalin. Four samples were taken from different points of the specimens and embedded in one paraffin block. Two serial sections (5 μm thickness) were cut from each block, and these were deparaffinised, stained with haematoxylin-eosin, and assessed under the microscope. Using an ocular micrometer, the diameters of 10 villi were measured randomly in each field, and their average was used for statistical analysis.
Alanine aminotransferase and aspartate aminotransferase study
The sera were warmed to room temperature and tested with a kit obtained from Randox laboratory Ltd, (Antrim, Northern Ireland, UK) in an autoanalyser (ABBOTT Architect/C 16000 autoanalyser, IL, USA). The results were recorded as IU/L.
Ischaemia-modified albumin study
The sera were warmed to room temperature and then tested with a BIOSOURCE Elisa kit (MBS702713 IMA RAT KIT -San Diego, CA USA) in a DSX Four-Plate Automated ELISA Processing System (NC, USA) device by the ELISA method. The results were recorded as mg/dL.
Statistical analysis
Data were analysed using IBM SPSS Statistics, version 20.0 (SPSS Inc., Chicago, IL, USA). Kolmogorov-Smirnov tests were used to test the normality of data distribution. Data are expressed as the mean value±standard deviation (SD) and median (25- 
RESULTS
The villus thickness of the small bowel, serum total bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and IMA concentrations were measured and compared between the groups (Table 1) . Group 2 showed significant thickening and blunting (due to edema) of small bowel mucosal villi compared with Group 1 (p=0.001) (Table 1, Figures 1 and 2 ). In addition, inflammation was more prominent in Group 2. In Group 3, the villus thickness was significantly decreased compared with Group 2 (p=0.014). No structural change was observed in the tunicae muscularis and serosa among the groups.
Total bilirubin levels in Group 2 were significantly higher than those in Group 1 (p<0.001). Although there was a nonsignificant decrease in bilirubin levels between Group 3 and Group 2, the differences between the values of Group 3 and Group 1 was also nonsignificant.
The AST and ALT levels in Groups 2 and 3 were significantly higher than those in Group 1 (p<0.001). Although the decrease in AST and ALT levels between Groups 2 and 3 was not significant (p=0.130), the difference in the ALT values of Group 3 and Group 1 was also not significant. The IMA levels of Group 2 were significantly higher than those in Group 1 (p<0.001). The IMA levels of Group 3 were significantly lower than those of Group 2 (p=0.0013) (Table 1, Figure 3 ).
DISCUSSION
Wang et al. (20) detected partial or subtotal villus atrophy (shortening and widening of villi) in the small bowel, subepithelial edema, and lymphocyte/neutrophil elevation in the lamina propria after experimental extrahepatic cholestasis. In addition, they showed that these events decreased following the administration of ethyl pyruvate, which is known to have antioxidant properties. In our study, the diameters of the villi in the small bowel were significantly increased following obstructive jaundice (Group 2). The thicknesses of the villi and their structure approximated those of the control group after this increase was significantly lowered by RV administration (Group 3) (Figures 1 and 2 ). Our findings suggest that RV administration reduces the pathological changes of the bowel mucosa in the extrahepatic cholestasis model. We estimate that this effect would contribute to decreased bacterial translocation and systemic outcomes in inflammation.
Bile salts that cannot flow toward the duodenum due to obstruction have a detergent effect on the liver, and cause oxidative damage and cell death. Neutrophils and macrophages are activated by the increase in FORs in the surrounding environment, and the resulting pathophysiological chain of events results in increased levels of inflammatory cytokines. Cholangiocytes may also secrete proinflammatory cytokines, such as tumour necrosis factor (TNF)-alpha and interleukin (IL)-6. Experimental studies reported that these circulating cytokines increased the production of FORs. For example, studies reported that TNF-alpha caused oxidative stress by increasing the production of superoxide, hydroxyl, and hydrogen peroxide molecules (21, 22) . In case of a persistent obstruction, elevated bilirubin accumulates in other parts of the body. Oxidative damage then begins to develop as a result of insufficient functioning of glutathione (the most important component of the cellular antioxidant system) and other antioxidative systems, and peroxidation of membrane phospholipids is induced by the elevated free radicals (7, 23) .
In biliary obstruction, the liver is the first organ to be affected. The damage of liver tissue can be followed by changes Group (24) and Kirimlioglu et al. (25) , oxidative damage increased as a result of experimental extrahepatic cholestasis (choledoc ligation) in rats and caused cellular damage. They also found that bilirubin and liver enzymes in an RV-treated group were lower than those in an RV-free control group. Another study showed in vitro that RV protected hepatic cells from oxidative damage (26) . In our study, bilirubin, AST, and ALT levels in the control (2) group were significantly higher than those in the sham (1) group, as expected. Although there were obvious differences between the control (2) and study (3) groups, these were not statistically significant, probably because of the limited number of subjects (Table 1) . With regard to the proximity of the values between sham (1) and study (3) groups, with a nonsignificant difference, it is logical to conclude that our findings of decreased liver injury in RV-administered rats are consistent with the data in the literature. The change in bilirubin levels may be due to decreased erythrocyte haemolysis, which is known to develop in obstructive jaundice, as a result of the oxidative stress-reducing effect of RV (27) . Many studies have shown that IMA is an early marker of acute ischemic conditions within the organism. Sinha et al. (28) reported that IMA might be used for the early diagnosis of acute coronary syndrome. In another study, Valle Gottlieb et al. (29) found significantly higher IMA values in patients with metabolic syndrome compared with a control group. Mentese et al. (30) reported that IMA was an appropriate ischaemiareperfusion injury marker of testicular damage during acute and chronic periods. In addition, IMA was reported to be an important indicator of liver function (10) . We also observed that the antioxidant RV attenuated IMA levels in parallel with changes in liver enzymes and bilirubin. We believe that the determinative potential of IMA for oxidative stress is remarkable and can be investigated in further laboratory and even clinical studies.
In conclusion, in addition to RV having a potentially positive effect on oxidative stress in the liver associated with obstructive jaundice, it also attenuated small bowel mucosal changes in this experimental model. We suggest that the known potent antioxidant and anti-inflammatory characteristics of RV might be an appropriate field for future studies on obstructive jaundice.
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